The distortion of transmission signal ,when passed through the channel of the Expendable Conductivity-Temperature-Depth (XCTD) profiler under the influence of the probing depth, transmission frequency, random noise and other factors, will be more serious. And it will affect the stability and accuracy of the DPSK transmission. This paper firstly establishes the model of XCTD channel and explains the theory of differential phase shift keying (DPSK) demodulation, which proposes that the selection of the demodulation carrier frequency is the key factor to affect the DPSK demodulation accuracy. Through specific analysis of the impact of the demodulation carrier frequency offset, we ascertain the best demodulation carrier transmission frequency satisfies the demand of the actual measurement within the range of detecting depth of 2000 meters. Meanwhile, we analyze that the increase of the probing depth and random noise based on the increase of transmission frequency has an influence on the size of bit error rate caused by the demodulation frequency offset. The results show that we can further optimize the design of the XCTD profiler measurement equipment, and improve the accuracy of the measurement data and the stability of the transmission signal.
Introduction
The XCTD profiler measurement equipment is one of the most important instruments for deep-sea exploration [1] [2] . The XCTD is single disposable goods. Additionally, the whole system for signal transmission is consist of the wired channel which has 2000 meters, and the single transmission line is the parallel enameled wire that diameter is about 0.1mm. The two spools twined by spiral inductance are respectively installed on the underwater probe and the internal of a launcher on board, and when the probe was launched into seawater by the launcher placed in the stern of the boat, the probe falls at a rate of 3~5 m/s in water [3] . Meanwhile, the spool gradually unfolds with the probe sinking.
The data collector in the internal of the probe accomplished acquisition, processing and transmission about marine environment parameters in real-time and the data transfer to the boat in the form of digital signal, and then form a metrical profile.
At present, XCTD mainly use the mode of the DPSK signal demodulation. Due to the increase of probing depth and transmission frequency reducing the extraction accuracy of carriers, the same frequency and phase of carrier will reduce the accuracy of the DPSK band transmission. Since the change of signal phase delay is relatively stable when we modulate the single by the highfrequency carrier during the process of despooling within the probing depth of 2000 meters [4] , which has a little influence on the stability of DPSK demodulation. This paper mainly analyzes the influence of the demodulation carrier transmission frequency to DPSK signal demodulation. Through a concrete analysis of the properties of transmission line, this paper calculates by the value of the impedance parameter and analyzes the influence of the demodulation carrier frequency offset to the DPSK signal demodulation in detail based on the channel model settled before. It shows that the demodulation carrier frequency offset have great significance for improving the signal transmission accuracy.
The Establishment of the Impedance Model of the Channel and the Calculation of its Parameters
The transmission channel of the XCTD profiler uses twin parallel enameled wire as the transmission line, and the two lines paralleled in the ocean. According to the results of previous research, the transmission lines wrapped around the spool are released, the length of the cable in the water increases and decreases in the two spools. The model of transmission channel is shown in Fig.1 (A) [5] and the transmission equation can be obtained as shown in formula (1-2).
The value of inductance, resistance of the spools and distributed capacitance between the transmission lines each other changes with the process of despooling. The variation of impedance parameters is shown in Fig.1 (B). 3 1 2 3
As shown in Fig.1 (C) , with the increase of the probing depth, the change of the transmission signal's phase will be greater, so it is more difficult for extracting the carrier signal. Fig. 1 the channel model and calculated result of impedance parameters (A)the channel's circuit model (B)the curves of impedance parameters (C)the diagrams between phase delay and depth
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The Principium of DPSK Modulation
The principium of DPSK modulation is that binary PSK is a mode of digital modulation which the phase of carrier discretely changes with the binary digital baseband signal. In the DPSK modulation, as long as we keep the carrier phase of the before and after code element unchanged, the digital signal will not appear the problem of phase ambiguity after demodulation. The process of DPSK modulation and demodulation is shown in the Fig. 2 . In DPSK communication system, due to the differential coherent demodulation has poor performance in the aspect of resisting noise, we usually take coherence demodulation as the method to recover the primitive information. In the process, carrier same frequency is the key link which affects the accuracy of DPSK demodulation. The transmission channel of XCTD has a risk of timevarying property, which seriously affects the stability of the channel. This thesis analysis bit error rate caused by demodulation carrier frequency offset during the process of despooling within the probing depth of 2000 meters to ascertain the transmission frequencies of demodulation carrier.
The Selection of Same Frequency Carrier in DPSK Demodulation
According to the Modulation-Demodulation principle shown in Fig.2 , we specifically analyze the size of bit error rate caused by carrier frequency offset during the process of DPSK demodulation by the different level of random noise and different range of probing depth. Therefore it can help us to select the transmission frequency of the demodulation carrier meeting the demand of actual measurement and clearly put forward the largest error range of the carrier frequency.
The signal source's frequency is 300Hz
Firstly, we specifically analyze the influence for increasing or decreasing the frequency of the demodulation carrier to DPSK demodulation in the process of despooling within 2000m when we choose 300Hz as the transmission frequency of signal source and 1500Hz as the demodulation carrier frequency. The change of bit error rate caused by carrier frequency offset with the probing depth increasing is shown in Fig. 3 (a) , and the change with the level of random noise increasing is shown Fig. 3 (b) . The analysis from the Fig.3 reveals that when the demodulation carrier frequency keeps the same with the modulation carrier frequency, the error rate is the minimum and the stability of DPSK frequency band transmission is highest at this very moment. Additionally, the greater the frequency offset, the larger the error rate when the frequency of signal source is lower.
The signal source's frequency is 1200Hz
In the section, we make the frequency of signal source to increase to 1200Hz and set the carrier frequency at 6000Hz. And then we specifically analyze the size of bit error rate caused by carrier frequency offset and what influence either the increase of probing depth or random noise has on DPSK demodulation. The analysis from the Fig.4 reveals:(a) when the demodulation carrier frequency keeps the same with the modulation carrier frequency, the error rate is minimum. (b)the error rate will decrease with the frequency of signal source increasing when the carrier frequency offset is fixed. The increase of probing depth is the major factor of the change of the bit error rate. (c) the error rate is smaller in the mid-process of despooling and keep relatively stable at shortrange and great-depth measurement.
Conclusion
As a typical expendable conductivity temperature depth profiler measurement equipment, XCTD has an great significance on the ocean surveying. Because the channel parameters change dynamically in real-time, it has an great influence on the demodulation accuracy of the DPSK signal. In the paper, we make it clear that the best demodulation carrier frequency of the signal meeting the demand of actual measurement should keep same with the modulation carrier frequency. Moreover, we clearly put forward the error range of the extracted frequency of demodulation carrier. Neither the increase of probing depth nor random noise has no influence on the DPSK demodulation when the signal transmits with the best demodulation carrier frequency. However, the greater the carrier frequency offset, the greater the bit error rate. Meanwhile, the influence that the increase of probing depth or random noise have on the error rate with the signal source frequency increasing gradually increases during DPSK demodulation. So these conclusions have important significance to great-depth measurement of XCTD and solving the problem of the instability of XCTD channel transmission.
